Abstract. In this paper, an Al coating was deposited on the TC4 Titanium alloy by arc ion plating, and hence the Al coating was micro-arc oxidized (MAO) in the solution of Na2SiO3 + (NaPO3)6 for 30min. The pin-on-disc tribological properties of the scale at room temperature and 400 o C were tested. For comparison, the tribological properties of the TC4 Titanium alloy and its MAO scale for 30 min were also conducted in above conditions. The results show that MAO treated the TC4 sample, especially for the Al coating on the TC4 substrate after MAO treatment, had superior wear resistance both at room temperature and 400 o C. The wear mechanism of the scale was discussed.
Introduction
Titanium alloys are used in many industries such as aerospace, automotive, medical and offshore engineering due to the high strength-to-weight, excellent corrosion resistance [1, 2] . However, the poor tribological behavior caused by high and unstable friction coefficient, severe adhesive wear and a strong tendency to seize have seriously restricted extensive applications of titanium alloys in various industry sectors [3] . Therefore, it is a pivotal problem of how to alter the surface properties of the titanium alloys favorably to make them more resistant to oxidation and wear in various environments.
The MAO coating on Ti6Al4V alloy has not only strong adhesion to the substrate, but also strong cohesive strength inside the coating [4] . Although the MAO coating on titanium alloy has higher microhardness in the local compact regions than the substrate, the MAO coating fails quickly at high temperature environment [5] . Al2O3 scales always have excellent tribological properties below 1000 o C in air [6, 7] . In this paper, a Al coating was deposited on TC4 alloy by arc ion plating, and the Al coating was hence treated by MAO for 30 min. The pin-on-disc tribological properties of the scale at room temperature and 400 o C were tested. For comparison, the tribological properties of the TC4 Titanium alloy and its MAO scale for 30 min were also conducted in above conditions.
Experimental

Samples Preparation and MAO Process
TC4 alloy was used as the substrate material in the present study. Prior to arc ion plating treatment of Al coating, the Ti6Al4V alloy sheets with a size of 35 mm×20 mm×2 mm were polished with SiC abrasive papers up to 1000 grit, and then were cleaned ultrasonically in distilled water, followed by acetone.
The main parameters of arc ion plating of Al were arc current 60A, Ar pressure 1.2Pa and deposition time 8 min. The micro-arc oxidation process was conducted using a home-made bipolar micro-arc oxidation equipment (Jiangxi Yuneng High-tech Power Co. Ltd., China). The titanium alloy sample was used as the anode and a stainless steel plate was used as the cathode. The composition of the electrolyte and the operating conditions of the MAO process are listed in Table 1 . In order to obtain different microstructures of the MAO coatings on the Ti6Al4V alloy, the MAO treating time was set for 30 min. 
Tribological Test
The friction and wear properties of the substrate and the MAO treated samples were tested using a HT-1000 wear testing machine at 21 o C or 400 o C and at a relative humidity of 50-60% under dry sliding conditions. Stainless steel (Gr15) balls with a diameter of 6mm were used as the counterparts, and all the sliding tests were conducted for 10min at a load of 2.0 N and at the sliding speed of 31.4 mm/s. The wear morphologies were tested by the BEH-2A 3D microscope, and the wear volumes were measured by the XJP-6A optical microscope.
Results and Discussion
Wear at Room Temperature Figure 1 shows the average friction coefficients of the TC4 alloy, MAO treated TC4 alloy, and the duplex treated (plating Al + MAO) TC4 alloy. It can be seen that, after the MAO treatment or duplex treatment, the friction coefficient of the TC4 alloy increase from about 0.55 increased to about 0.70. This phenomenon can be ascribed to the coarse surface morphologies after MAO treatment. Figure 2 shows the wear morphologies of the TC4 alloy, MAO treated TC4 alloy, and the duplex treated TC4 alloy. From Figure 2a , it can be seen that there were many furrows on the surface of the RC4 alloy after wear test, indicating abrasive wear occurred. As the result of adhesive wear, there were many debris on the surface of the MAO treated or duplex treated samples. The wear volumes of the TC4 alloy, MAO treated TC4 alloy, and the duplex treated TC4 alloy is shown in Figure 3 . It can be seen the wear volume of the TC4 alloy after MAO treatment or duplex treatment, decreased from 65.1×10 .The increased wear resistance is mainly rely on the higher microhardness after MAO and duplex treatment. Figure 4 shows the average friction coefficients of the TC4 alloy, MAO treated TC4 alloy, and the duplex treated (plating Al + MAO) TC4 alloy at 400 o C. Compared to Figure 1 , their friction coefficients decreased, especially for the duplex treated samples. The main reason is that TiO2 and Al2O3 have excellent lubricant properties at high temperature [8, 9] . Figure 5 shows the wear morphologies of the TC4 alloy, MAO treated TC4 alloy, and the duplex treated TC4 alloy after wear tests at 400 o C. Compare them to those tested at room temperature, it can be found there were deeper grooves and debris on the TC4 alloy, and there more debris on the surface of MAO and duplex treated samples, indicating severe wear happened to the TC4 substrate or the counterparts. 
Wear at Room Temperature
Conclusion
MAO treatment, especially MAO treatment after the Al coating deposited on the TC4 alloy, can improve the wear resistance of the TC4 alloy boat at room temperature and 400 o C. The main wear mechanism of TC4 is abrasive wear, and that of MAO treated as well as duplex treated is adhesive wear.
